This report summarises the results of a EUROMET comparison of multiples and submultiples of the kilogram carried out between twenty-five laboratories. The transfer standards comprised five sets of weights (each set comprising 10 kg, 500 g, 20 g, 2 g and 100 mg) which were circulated in parallel, each set between five of the listed participants. The majority of the results of the participants are consistent with each other and with the key comparison reference value (KCRV) of comparison CCM.M-K2 to which this comparison has been linked.
Introduction
In 1999 CCM key comparison CCM.M-K2 was completed [1] . The comparison was carried out using mass standards of the following five nominal values: 100 mg, 2 g, 20 g, 500 g and 10 kg.
Fourteen national measurement institutes took part in the comparison, thirteen being member countries of the CCM and seven being member countries of EUROMET.
It was agreed that a European regional key comparison should be carried out over the same range to link with CCM.M-K2. SP (Sweden) agreed to take the role as pilot laboratory and to provide the transfer standards and NPL (UK) took on the role of collation and analysis of the results. Further management responsibilities were undertaken by OMH (Hungary).
Twenty-five laboratories took part in the comparison. They are listed in Table 1 . Five sets of transfer standards (EB, EC, ED, EE and EF) were circulated in parallel, each between five of the listed participants, the groupings being decided on broadly geographical lines. In addition, a further set (EA) was retained at SP for the duration of the comparison.
The masses of each of the transfer standard sets (including EA) were determined by SP at the beginning and end of the comparison process. The data from these determinations were used to provide a measure of stability of the transfer standards. As well as providing the initial and final measurements of the transfer standards, SP were also a participant carrying out their measurements on transfer standard set ED.
The comparison measurements were carried out between August 2002 and June 2003. As is common with many comparisons, there was a significant delay in many participants supplying their results, the last of which were not received until February 2004.
This report details and analyses the results obtained by the participants. Different methods of determination of a reference value were considered. These were:
• using the median and calculating the associated uncertainty based upon the method described by Müller [2]; • using the least squares method; • using a method described by Cox [3] which utilises Monte Carlo simulation.
The consensus of the participants was to use the median and the uncertainty analysis of Müller. The disadvantage of this method is the relatively large uncertainty in the reference value and thus in the degree of equivalence of the participants. This can be overcome to some extent by taking into account the covariances that exist between each individual result and the reference value. For the purposes of this comparison this analysis was undertaken by INRIM and is fully described by Pennecchi and Bich [4] .
Description of the transfer standards
Each of the transfer standard sets supplied by SP comprised five weights made from nonmagnetic stainless steel and with the form and quality recommended by OIML [5] for weights of accuracy Class E 1 . Transportation was undertaken by hand, with the weights being carried within a purpose-built wooden box.
Summary of results reported by the participants

Values of mass and uncertainty
The results and uncertainties provided by each of the participants for each of the nominal mass values are shown in Table 2 . Each result is shown as the difference between the mass determined by the participant (m) and the nominal mass value (m o ), in mg. The uncertainties (u c ) are given in mg at k=1 .
Stability of the transfer standards
Results obtained by SP for each of the transfer standard sets (including the non-circulated set EA) are shown in Table 3 . As in Table 2 , the results are shown as the difference in mg between the mass determined by SP (m) and the nominal mass value (m o ), together with the associated uncertainty (u c ) at k=1.
Little difference in the magnitude of the changes in mass can be observed between the nontravelling set EA and the other five sets. In addition, any observed changes are, in the majority of cases, at the level of or below the associated uncertainties. The transfer standards were therefore assumed to be stable.
Mass differences
Each participant reported their measured mass difference from the nominal value together with an associated uncertainty for each of the five weights. In order to compare the values from all of the participants it is necessary to link them to initial reference values for each set obtained from the pre-(m p1 ) and post-(m p2 ) circulation measurements of the pilot laboratory, SP (as there is no indication of when any change in the mass value occurred, the best estimate of the pilot laboratory's mass value is the mean of these two measurements).
Thus, the mass difference between participant A and the pilot laboratory P is calculated from: (1)
Calculation of comparison reference value and uncertainty
The comparison reference value has been taken to be the median of the calculated differences between each participant and the pilot laboratory's mean value. As described in the CCM report, a major consideration for adopting this approach is its reduced sensitivity to outliers and the fact that it does not require the exclusion of data, as would be the case when calculating a mean value only from data showing a positive t-test.
The reference value m ref can therefore be defined as:
The uncertainty in the reference value has been calculated according to the method described by Müller [3] . The five reference values and their associated uncertainties are shown in Table 4 . 
Mass difference and uncertainty between participants and reference value
The mass difference between a participant and the reference value is calculated from:
The uncertainties have been calculated in accordance with the international guide [6] . The uncertainty of the difference between a participant's measurement and the reference value is made up of four components:
• the uncertainty in the participant's measurement
• the uncertainty due to the drift of the transfer standard
• the uncertainty in the pilot laboratory's measurement of the drift
• the uncertainty in the reference value.
The uncertainty due to the instability of the transfer standard can be assumed to be a rectangular distribution within the limits of m P1 and m P2 and the uncertainty in the reference value is as calculated in section 5. The other uncertainties are as provided by the participants and the pilot laboratory.
The uncertainty is therefore calculated from:
and the covariance term was calculated using the method described by Pennecchi and Bich [4] .
The differences between each participant and the reference value, together with their associated uncertainties, are given in Table 5 and shown graphically in Figures 1 to 5.
Mass differences and uncertainties between participants
Mass differences
Mass differences between participants A and B are calculated by subtracting the difference between participant B and the reference value from the difference between participant A and the reference value. These differences are given in Table 6 to Table 10 , together with their associated uncertainties which have been calculated as described in Sections 7.2 and 1.
The mass difference is therefore given by:
Uncertainties in mass differences between A and B of different loops
The mass differences between A and B of two different loops is calculated using the reference value as a link, with the measurements considered to be uncorrelated. The uncertainty in their difference comprises the following contributions:
• the uncertainty in participant A's measurement
• the uncertainty in participant B's measurement
• the uncertainty due to the drift of the transfer standard in the loop containing A
• the uncertainty due to the drift of the transfer standard in the loop containing B
• the uncertainty in the pilot laboratory's measurements of the drift for the loop containing A
• the uncertainty in the pilot laboratory's measurements of the drift for the loop containing B
Uncertainties in mass differences between A and B of the same loop
The mass differences between A and B of the same loop is similarly treated, but with uncertainty contributions from only one loop. The uncertainty in their difference comprises the following contributions:
• the uncertainty in participant A's measurement 
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7 . 2 4 6 . 5 7 6 . 4 6 7 . 0 7 6 . 7 7 7 . 1 6 6 . 4 7 6 . 5 6 6 . 4 7 6 . 4 6 6 . Six sets of transfer standards (referred to as EA, EB, EC, ED, EE and EF) were used, with each comprising five standards. The standards from five of the sets (EB, EC, ED, EE and EF) were circulated among the laboratories, with each set circulated to five laboratories. The pilot laboratory measured all five standards in each set, and the measured data obtained was used as the basis of investigating the stability of the standards.
Information about the measurements made of the transfer standards is provided in Table 2 . The information includes (a) the name of the set, (b) the laboratory name, (c) the measured mass difference from nominal value, and (d) the standard uncertainty associated with the measured mass difference.
Information about the measurements made by the pilot laboratory for all six sets of transfer standards during the lifetime of the comparison can be found in Table 3 . In this analysis, the pilot laboratory is regarded as an additional laboratory, whose inclusion is necessary to be able to link the five subsets of laboratories which otherwise have no laboratory in common. However, it can be expected that there is correlation associated with the measured values provided by SP regarded as a participating laboratory and SP regarded as the pilot laboratory (see below).
No information is provided about the correlation associated with pairs of measured values. For the purpose of the analysis described here, the following simple "rules" are applied:
• The correlation coefficient associated with a measured value provided by SP regarded as a participating laboratory and a value provided by SP regarded as the pilot laboratory is set as 0.8; • The correlation coefficient associated with pairs of measured value provided by SP regarded as the pilot laboratory is set as 0.8; • There is no correlation associated with measured values provided by different laboratories.
The values used for the correlation coefficients are based on the results of discussions between NPL and BIPM metrologists Table 2 contains measured values x ik for X ik for i = 1, …, 25, and k = 1, …, 5. Table 3 contains values x ik for i = 26 and k = 1, …, 5. Finally, be determined and 40 measured values (7 measurements relating to set EB, 7 to set EC, 7 to set ED, 7 to set EE, 7 to set EF and 5 relating to degrees of equivalence for the linking laboratories).
If we denote the vector of parameters by Y and that of measured quantities by X, then , AY X = where A is a 40 × 31 matrix determined by the relationships (1) and the information provided by CCM.M−K2. Given an estimate x of X with the associated uncertainty matrix U x , an estimate y of Y with the associated uncertainty matrix U y is found as the solution z = y to the generalised least-squares problem ( ) ( ). The components of y contain estimates of the value components of the degree of equivalence for the laboratories (including the pilot laboratory) and information about the transfer standards. The diagonal elements of U y contain the variances (squared standard uncertainties) associated with the estimates y.
A4.
Model and data consistency
For the model described in section A3 to constitute a valid description of the measurement data, it is necessary to show that the model is consistent with the data taking account of the uncertainties and correlations associated with the data.
For the case of two measured values (z 1 and z 2 , say), the values are judged consistent (and therefore realizations of the same quantity) if the magnitude of the difference r = z 1 -z 2 is not too large compared with the standard uncertainty u(r) associated with the difference, where u 2 (r) = u 2 (z 1 ) + u These tests are used to investigate the consistency of subsets of the measured data. In the case that a subset of the measured data is found to be inconsistent, the results of the test are used as the basis of removing measured values from the subset to ensure consistency. Table 11 records the results of these tests (in terms of which measured data are removed) for each nominal mass value. In the case that the EUROMET.M.M-K2 data for a linking laboratory is removed, the data describing the degree of equivalence for that laboratory obtained from the CCM.M−K2 Key Comparison is also removed.
A test of consistency is also applied to the model described in section 3 and the complete set of measured data (with data removed as described in Table 11 ). This test is used to investigate whether the model constitutes a valid description of the "union" of the different subsets of the measured data. For the results indicated in section 5, this test of consistency is passed.
For a laboratory participating in EUROMET.M.M-K2 that has been removed from the analysis (e.g., UME for the 10 kg mass standard), the value component of the degree of equivalence for that laboratory is evaluated from 
Nominal mass m 0
Measured data removed from analysis 10 kg IPQ (no value supplied) and UME measured data from EUROMET.M.M-K2 500 g UME and JV measured data from EUROMET.M.M-K2 Pilot measured data for EC and EF (one each) from EUROMET.M.M-K2 NMi-VSL degree of equivalence from CCM.M−K2 20 g UME measured data from EUROMET.M.M-K2 Pilot measured data for EB and EF (one each) from EUROMET.M.M-K2 SMU degree of equivalence from CCM.M−K2 2 g − 100 mg OMH, PTB and SMU measured data from EUROMET.M.M-K2 Pilot measured data for EC (one value) from EUROMET.M.M-K2 PTB and SMU degrees of equivalence from CCM.M−K2 Table 11 For each nominal mass value, the measured data removed from the analysis to ensure data consistency.
A5. Results
The results from the linkage are given in Table 12 . Using these data it is possible to calculate the degree of equivalence between any of the laboratories participating in EUROMET.M.M-K2 and those participating in CCM.M−K2. 
